The bijectivity of Monge projections in the production process of the arched worm gear by Balajti, Zsuzsanna
UNIVERSITY OF DEBRECEN 
Faculty of Engineering 
Department of Mechanical Engineering 
 
 
 
PROCEEDINGS OF THE 
3rd INTERNATIONAL SCIENTIFIC CONFERENCE ON 
ADVANCES IN MECHANICAL ENGINEERING 
(ISCAME 2015) 
 
 
19 November, 2015 Debrecen, Hungary 
 
 
 
 
 
 
 
organized by 
Department of Mechanical Engineering 
Faculty of Engineering, University of Debrecen 
and 
Working Commission in Mechanical Engineering 
Specialized Committee in Engineering 
Regional Committee in Debrecen, Hungarian Academy of Sciences 
  
PROCEEDINGS OF THE 
3rd INTERNATIONAL SCIENTIFIC CONFERENCE ON  
ADVANCES IN MECHANICAL ENGINEERING  
                    __________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Edited by  Sándor BODZÁS PhD 
   Tamás MANKOVITS PhD 
 
 
 
 
 
Publisher:  Department of Mechanical Engineering 
   Faculty of Engineering 
   University of Debrecen 
   2-4 Ótemető str. Debrecen, Hungary 
   Phone: +36 52 415 155 
   Web page: www.eng.unideb.hu/gepesz 
 
 
ISBN 978-963-473-917-3 
PROCEEDINGS OF THE 
3rd INTERNATIONAL SCIENTIFIC CONFERENCE ON  
ADVANCES IN MECHANICAL ENGINEERING  
                    __________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROCEEDINGS 
 
 
 
 
 
3rd INTERNATIONAL SCIENTIFIC 
CONFERENCE ON ADVANCES IN 
MECHANICAL ENGINEERING 
(ISCAME 2015) 
 
 
19 November, 2015 Debrecen, Hungary 
 
 
 
 
 
 
 
 
PROCEEDINGS OF THE 
3rd INTERNATIONAL SCIENTIFIC CONFERENCE ON  
ADVANCES IN MECHANICAL ENGINEERING  
                    __________________________________________________________________ 
 
 
 
 
 
 
 
 
Organizational Chairman of the ISCAME 2015 
 
Tamás MANKOVITS PhD, University of Debrecen, HU 
tamas.mankovits@eng.unideb.hu 
 
 
 
 
 
 
 
Scientific Program Committee 
 
István BUDAI PhD, University of Debrecen, HU 
Sándor BODZÁS PhD, University of Debrecen, HU 
Lajos FAZEKAS PhD, University of Debrecen, HU 
Ferenc KALMÁR PhD, University of Debrecen, HU 
Sándor PÁLINKÁS PhD, University of Debrecen, HU 
Istvánné RÁTHY PhD, University of Debrecen, HU 
Edit SZŰCS PhD, University of Debrecen, HU 
Zsolt TIBA PhD, University of Debrecen, HU 
János TÓTH PhD, University of Debrecen, HU 
László TÓTH DSc, University of Debrecen, HU 
 
 
 
 
 
 
 
Technical Assistance 
 
Judit BAK, University of Debrecen, HU 
PROCEEDINGS OF THE 
3rd INTERNATIONAL SCIENTIFIC CONFERENCE ON  
ADVANCES IN MECHANICAL ENGINEERING  
                    __________________________________________________________________ 
I 
 
 
 
CONTENTS 
 
 
ANDRÁSSY Zoltán, FARKAS Rita 1-6 Optimization of surface cooling systems with phase change material energy storeing 
  
ANTAL Tamás 7-13 Evaluation of mathematical modelling of thin-layer freeze drying 
  
BODZÁS Sándor, DUDÁS Illés 14-18 Geometric analysis and modelling of spiroid hobs having two different type face surface 
  
BOHÁCS Gábor, RÓZSA Zoltán, RÁCZ-SZABÓ András 19-22 Implementation of an automatic positioning function for automated transport vehicles 
  
BUDAI Dávid, TISZA Miklós, KOVÁCS Péter Zoltán 23-31 Investigation of EN AW 5754 aluminium alloy’s formability at elevated temperatures 
  
COROIAN Olimpia 
32-37 Consideration regarding the implementation of risk based maintenance on main 
components of high power diesel engines 
  
DARAI Gyula, FILEP Gábor, NAGY-KONDOR Rita, SZIKI Gusztáv Áron 38-43 Dynamics experiments applying NI devices and LabVIEW 
  
DEÁK Krisztián, KOCSIS Imre 44-53 Manufacturing of tapered roller bearings, defects and fault detection 
  
DUDÁS László 54-59 An efficient kinematic surface simulation system 
  
FARKAS Rita, ANDRÁSSY Zoltán, SZABÓ János, SZÁNTHÓ Zoltán 60-66 Optimization of buffer tank filled with phase change material 
  
FAZEKAS Lajos, MENYHÁRT József, MOLNÁR András, HORVÁTH Csaba 
67-73 The connections between different types of cold flame-sprayed distances on mechanical 
surface 
  
HORVÁTH Péter, NAGY Attila 74-78 Bending stiffness measurement of strings 
  
HUMMEL Kristóf, HÉGELY László, LÁNG Péter 79-84 Modelling of fractional crystallization 
  
KOCSIS Imre, KRAKKÓ Béla, VÁMOSI Attila, DEÁK Krisztián 85-89 Multiple regression analysis in time management 
  
KORPONAI János, BÁNYAINÉ TÓTH Ágota, ILLÉS Béla 90-95 The function of the replenishment time in the purchasing 
 
  
PROCEEDINGS OF THE 
3rd INTERNATIONAL SCIENTIFIC CONFERENCE ON  
ADVANCES IN MECHANICAL ENGINEERING  
                    __________________________________________________________________ 
II 
 
 
LÁNG Péter, HÉGELY László, NAGY Dávid, DÉNES Ferenc 96-101 Simulation study of amine-based CO2 absorption 
  
LATEȘ Daniel, CIOLOCA Flaviu  
Comparative analysis of the compliant mechanism movement with 2 DOF using circular, 
rectangular, elliptical joints 102-108 
  
MÁNDY Zoltán 
109-113 Creating helicoid surfaces in intelligent flexible manufacturing system - the problem of 
driving 
  
MANKOVITS Tamás, VÁMOSI Attila, KOCSIS Imre, HURI Dávid, KÁLLAI 
Imre, SZABÓ Tamás 114-119 
Shape design of axially symmetric rubber part using FEM and SVM 
  
MARINKÓ Ádám, NAGY András, DUDINSZKY Balázs 120-125 Finite element analysis of pressure vessels 
  
MOLNÁR András, FAZEKAS Lajos, CSABAI Zsolt, RÁTHY Istvánné 
126-134 Laser surface remelting to improve the wear resistance of thermal sprayed NiCrBSi 
coatings 
  
MORAUSZKI Kinga, LAJOS Attila, MENYHÁRT József 135-144 Customer satisfaction or how we can keep satisfied customer 
  
NÉMETH Géza, PÉTER József, NÉMETH Nándor 145-150 Modelling of an unusually loaded helical torsion spring 
  
ÓVÁRINÉ BALAJTI Zsuzsanna 151-159 The bijectivity of monge projections in the production process of the arched worm gear 
  
PÁLINKÁS Sándor, GINDERT-KELE Ágnes, GAJDÁN Bence 
160-165 Planning of experiments in order to determine the relationship between the heat treatment 
and durability of cultivator tines 
  
PINTYE Gábor, ACHIMAŞ Gheorghe, PATAI Gavril 166-173 Consideration and research on different types of plasma jet technology 
  
POÓS Tibor, SZABÓ Viktor 174-178 Literature review of the volumetric heat transfer coefficients on rotary drum dryers 
  
POP-SZOVÁTI Anton-Gheorghe, GYENGE Csaba 179-183 The study of mechanical presses drives using cold plastic deformation 
  
SÁRKÖZI Eszter, FÖLDI László, JÁNOSI László 184-189 Force and position control of pneumatic drives 
  
SCHRÓTH Ádám 190-195 Modelling of a geothermal well 
  
STRAKA Ľuboslav, HAŠOVÁ Slavomíra 196-201 Wear of copper and graphite tool electrodes in the die-sinking EDM 
PROCEEDINGS OF THE 
3rd INTERNATIONAL SCIENTIFIC CONFERENCE ON  
ADVANCES IN MECHANICAL ENGINEERING  
                    __________________________________________________________________ 
III 
 
  
SZABÓ Viktor, VARJU Evelin, POÓS Tibor 202-207 Determination of volumetric heat transfer coefficient in fluidized bed dryer on full periods 
  
SZIKI Gusztáv Áron, HAJDU Sándor, SZÁNTÓ Attila 208-217 Vehicle dynamics modelling of an electric driven race car 
  
TIBA Zsolt, FEKETE-SZŰCS Dániel 218-225 Implementation and operation features of ECVT 
  
TISZA Miklós 226-231 New developments in automotive materials 
  
TOMORI Zoltán 232-237 General methods of tooth modifications 
  
VARGA Attila K., CZAP László 238-244 
Reliability graph model for sensor networks  
  
VARGA Attila K., CZAP László  
Development of a web-based system for evaluation of speech samples of deaf and hard of 
hearing children 245-251 
  
VARGA Béla, PÁSZTOR Endre, ÓVÁRI Gyula  
“Does the size really matter?”, or how the helicopter turboshaft engines are penalised by 
their own small size 253-257 
  
VARGA Tamás Antal, MANKOVITS Tamás 258-262 
Modelling questions of metal foams  
  
SUPPORTING COMPANIES OF THE ISCAME 2015 263-282 Introduction of the companies 
  
PHOTO GALLERY OF THE ISCAME 2015 AND THE EXHIBITION 283-286 
 
 
 
 
 
 INTERNATIONAL SCIENTIFIC CONFERENCE ON  
ADVANCES IN MECHANICAL ENGINEERING  
19 November 2015, Debrecen, Hungary 
________________________________________________________________________________________________ 
151 
 
 
THE BIJECTIVITY OF MONGE PROJECTIONS IN THE PRODUCTION 
PROCESS OF THE ARCHED WORM GEAR 
 
ÓVÁRINÉ BALAJTI Zsuzsanna PhD 
 
Department of Descriptive Geometry, University of Miskolc 
E-mail: balajtizs@uni-miskolc.hu 
 
Abstract 
The development of computer-aided image analysis opened a very wide possibility for the 
utilisation of CCD cameras and the application of image analysis and evaluation software. During 
picture evaluation carried out by machines the problem is that we have to reproduce the curves 
from two perpendicular pictures. This problem awaits a solution in several parts of engineering 
research work [8]. We have defined the method to reconstruct spatial curves from two 
perpendicular pictures [1, 3, 10]. Two photos have been taken with CCD cameras from the 
perpendicular direction of the cutting edge that give us two perpendicular pictures to get the Monge 
projection, from which the cutting edge or its interpolated spatial curve can be reconstructed. The 
reconstruction can be guaranteed by properly – suitable for the requirements – placing the cameras 
in the worm gearing box. The condition of the reconstruction is that the interpolation curve fitted to 
the cutting edge of the worm should not have a tangent in profile position. The present paper 
describes the formulation of these requirements with mathematical devices. 
 
Keywords: cutting edge, hob, wear, CCD cameras, Monge-cuboid. 
 
1. INTRODUCTION 
 
  The most important research field of the group of researchers at the Department of Production 
Engineering at Miskolc University is the arched worm gear drive pairs [3, 5, 6, 7]. The cylindrical 
helicoidal surface is generated by a circle with radius Uax in axial section.  
 
Figure 1 The cylindrical worm with circle profile in axial section [5] 
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The right-hand side surface of the worm in the rotating coordinate system KF1(xF1, yF1, zF1) can be 
written in the following form 
,
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where h and q are parameters of the helicoidal surface, p is the screw parameter of the helix on the 
worm, Uax is the radius of the tooth profile in axial section, K is the distance between the centre of 
profile circle and worm ace. 
The cutting edge V of the hob created from the worm can be obtained as an intersection of the 
backward grinded side surface R and the face surface H, while it must fit the replacing worm 
surface. 
 
 
Figure 2 The cutting edge of the tooth surfaces of the hob in the rotation coordinate system [5] 
 
The equation of the face surface is  
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The cutting edge V can be obtained as an intersection of the three surfaces: 
 
x the relief side surface R, and/or Rb; 
x the face surface H; 
x the tooth surface of the substituting worm J and/or B. 
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The equation of the cutting edge in the examined case is the following: 
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We have done an analysis method of the wearing of the cutting edge of the hob in case of arched 
worm in our research work.  
The wearing of the cutting edge of the hob is checked by CCD cameras in the production process to 
achieve precision manufacturing. 
 
 
 
Figure 3 The measuring of the cutting edge with correctly placed CCD cameras 
 
2. THE METHOD OF CORRECTLY PLACED CCD CAMERAS 
 
There is a possibility for in-process cutting edge monitoring dimension inspection. During picture 
evaluation by machines the reconstruction of the cutting edge from two pictures without other 
information is not guaranteed. Correctly placed CCD cameras can solve this problem [3]. Our 
method describes the possibility to achieve such positions of CCD cameras, in which the 
reconstruction of the spatial curve can be carried out only with two pictures are fitted to the cutting 
edge of the hob. We consider the two pictures done by perpendicularly placed CCD cameras, as a 
Monge-projection of the cutting edge of the hob. 
The representation of a point in Monge projection unambiguous provided the well-known 
conventions are fulfilled [9]. For example the representation of a circle of general position and the 
profile line is not bijective [9, 10].  Two perpendicular projections are not different in practice, if 
they can be translated to each other [4, 5, 6, 7].  
We consider those Monge projections identical, which can be translated to one another. Projection 
lines and image planes go through the origin point in a fixed Descartes coordinate system. The 
Monge projections are determined by their projection lines [10]. The number of Monge projections 
to a given curve can be described by using three free real parameters that we have defined (Figure 
4). The first direction angel is D and E is the second direction angel of the first projection line v1, 
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and J is the third direction angel of the second projection line of v2. The triplet of all numbers (α, β, 
γ), which gives the Monge projection, creates the Monge cuboid.  
 
 
Figure 4 The first direction angel D and the second direction angel β of the first projection line v1 
and the third direction angel γ of the second projection line v2 [10] 
 
The inner points of the Monge cuboid satisfy the following condition 
 
 0<D<S, 0<E<S/2, S/2<E<S, 0<J<S.      (4) 
 
The border points on the Monge cuboid satisfy the following conditions  
 
- 0<D<S, E=S, 0<J<=S,  
- 0<D<S, 0<E<S/2, S/2<E<=S, J=S,  
- D=S , E=S/2, 0<J<S/2, S/2 <J<S, 
- D=0, E=S/2, J=S/2 
- D=S, E=0, J=S.                         (5) 
 
 
Figure 5 The inner points and border points of the Monge cuboid [10] 
 
This method does not discuss all Monge projections, but discusses all two perpendicular 
projections, which is relevant in engineering work. The examination of the bijectivity with respect 
to a given curve gives us the same result if the first and second images are changed. 
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  If the Monge projection of the curve of the cutting edge of the hob does not have a tangent in the 
situation of the profile line, then any part of the curve can be reconstructed from two pictures 
without any further information. All these situations provide us with correctly placed CCD cameras. 
 
3. THE METHOD OF THE CUTTING EDGE ANALYSIS 
 
  Using cubic interpolation Bezier curve fitted to the cutting edge of the hob is recommended to do 
the examination in our research work [8]. Fitting the cubic Bezier curve to proportionally selected 
four points on the cutting edge gives us a correctly approaching spatial curve. 
 
 
 
  Figure 6 The connection of the Hermite arc and the Bezier curve 
 
 
The Bezier curve is interpolated to the given points p0, p1, p2, p3 using parameters u0, u1, u2, u3, 
where ui z uj, if the i z j, and u0 = 0, u3 = 1.  
We are looking for control points b0, b1, b2, b3, that determine the Bezier curve fitting to points p0, 
p1, p2, p3, so 
 
b(ui)=pi   (i=0,…,3).       (6) 
 
The equation of the Bezier curve is determined in the following formula  
 
   ¦
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§ )1(  are Bernstein polynomial. 
As it was mentioned earlier, the Bezier curve fitting to given points can be described in the 
following equation in case (i=0,...,3) 
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Using the b(ui)=pi  (i=0,…,3) equation we can get the following linear inhomogeneous equation 
system 
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The ji uu z  condition provides us with the result of the unambiguous solution to ib . So we receive 
the ib  control points of the interpolation Bezier curve fitting to point p0, p1, p2, p3. 
  The connection between the Bezier curve and the Hermite arc can be written in the following 
formula 
p0 = b0 , 
        t0 = 3·b1 - 3·b0 ,   
p3 = b3 , 
              t3 = 3·b3 - 3·b2 .                 (10) 
 
when the Hermite arc are given with points p0, p3 and then tangents t0, t3, where u[0,1]. 
The Hermite arc can be written in parametric form, as 
 
r(u)=a3·u3+a2·u2+a1·u+a0,     (11) 
 
Tangent vectors can be described in the following form 
 
             re (u) = e1·u2 + e2·u + e3                 (12) 
 
If we shift tangent vectors to the origin point O, we get the cone of tangents. If profile planes of  
Monge projections fit in the origin point, they have two, one or zero generator lines of the cone of 
tangents. If the profile plane of a Monge projection do not contain a tangent vector of the cone of 
tangents, the description of any part of the curve is bijective. 
 
 
 
Figure 7 The profile plane contains one or two tangent vectors and does not contain a tangent 
vector of the Hermite arc  
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     If the profile plane of the Monge-projection of the spatial curve does not contain a tangent vector 
of the curve, the description of any part of the curve is bijective [1, 10].  
Normals n (nx, ny, nz) of these planes are perpendicular to the tangents that satisfy the following 
equation: 
 
n·re(u) = 0,        (13) 
 
We are looking for normal vectors n (nx, ny, nz) of profile planes of Monge projections, to which the 
equation of the second degree considering u in case the given eij does not have any solutions. In this 
case the profile planes do not have tangent vectors of the given curve, so the description of the 
curve is bijective. 
The condition can be written in a simplified way in the following form  
 
 c1·nx
2 + c2·ny
2 + c3·nz
2 + c12·nx·ny + c13· nx· nz + c23· ny· nz < 0  (14) 
 
where 
 
c1 = e2x
2 – 4·e1x·e3x, 
c2 = e2y
2 – 4·e1y·e3y, 
c3 = e2z
2 – 4·e1z·e3z, 
c12 = 2·e2x·e2y – 4·e1x·e3y – 4·e1y·e3x, 
c13 = 2·e2x·e2z – 4·e1x·e3z – 4·e1x·e3z, 
      c23 = 2·e2y·e2z – 4·e1y·e3z – 4·e1z·e3y.            (15) 
 
Bijective Monge projections are determined by points from the border of the Monge cuboid, which 
points satisfy the following condition: 
 
 
If D=S, E=0, J=S, or  D=0, E=S/2, J=S/2, or  D=S , E=S/2 , 0<J<S/2, S/2 <J<S, the 
c2 < 0              (16) 
 
condition give us bijective Monge projections of the given curve. 
If  0<D<S, E=S,  J=S/2, the 
 
c3 < 0              (17) 
 
condition give us bijective Monge projections of the given curve. 
If  0<D<S, E=S,  J=S, the 
 
c1·sin2D + c2·cos2D - c12·sinD·cosD < 0           (18) 
 
condition give us bijective Monge projections of the given curve. 
If  0<D<S, E=S,  0<J<S/2, S/2<J<S, the 
 
c1·sin4D/tg2J+c2·cos2D·sin2D/tg2J + c3-c12·cosD·sin3D/tg2J + c13·sin2D/tgJ-c23·cosD·sinD/tgJ <0  (19) 
 
condition give us bijective Monge projections of the given curve. 
 
If D=S/2, 0<E<S/2, S/2<E<S, J=S, the 
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        c1  < 0                  (20) 
 
condition give us bijective Monge projections of the given curve. 
If 0<D<S/2, S/2<D<S, 0<E<S/2, S/2<E<S, J=S the  
 
c1  + c2·(tgJ - ctgE·ctgD)2/(ctgE+ctgD·tgJ+tgE)2 + 
 c3·ctg2D/(-tgE-ctgE)2 + 
 c12·(tgJ-ctgE·ctgD)/(ctgE+ctgD·tgJ+tgE)  + c13·ctgD/(-tgE-ctgE) +  
                   c23·ctgD·(tgJ - ctgE·ctgD)/(ctgE + ctgD·tgJ + tgE)·(-tgE - ctgE) < 0       (21) 
 
condition give us bijective Monge projections of the given curve. 
If D=S/2, 0<E<S/2, S/2<E<S, J=S/2 esetén n(0, -sinE, cosE), the 
 
c2·sin2E + c3·cos2E - c23·sinE·cosE < 0            (22) 
 
condition give us bijective Monge projections of the given curve. 
If D=S/2, 0<E<S/2, S/2<E<S, 0<J<S/2 S/2<J<S 
 
c1  + c2·tg2J/(tgE+ctgE)2 + c3·tg2J·ctg2E/(-tgE-ctgE)2 + c12·tgJ/(tgE+ctgE) +  
c13·tgJ·ctgE/(-tgE-ctgE) + c23·tg2J·ctgE/(tgE+ctgE)·(-tgE-ctgE) < 0            (23) 
 
condition give us bijective Monge projections of the given curve. 
If 0<D<S/2, S/2<D<S, 0<E<S/2 ,S/2<E<S, J=S/2 the 
 
c1·(tgD·ctgJ + tgE + tgD· tg2E·ctgJ)2/(-ctgD - tgE·ctgJ - tgD)2+  
c2·(tgD·tgE - ctgJ)2/(-ctgD - tgE· ctgJ - tgD)2 + c3  +  
c12· (tgD·ctgJ + tgE + tgD·tg2E·ctgJ)·(tgD·tgE - ctgJ)/(-ctgD - tgE·ctgJ - tgD)2 +  
c13·(tgD·ctgJ + tgE + tgD·tg2E·ctgJ)/(-ctgD - tgE·ctgJ - tgD) +  
 c23·(tgD·tgE - ctgJ)/(-ctgD - tgE·ctgJ - tgD) < 0.          (24) 
 
condition give us bijective Monge projections of the given curve. 
 
CONCLUSIONS 
  
The aim of the paper was to reconstruct the cutting edge of the hob without any further information 
is achieved.  
The theorem of the insurance of the bijectivity between the spatial curve and its two perpendicular 
images was shown in this article. Furthermore, the correct positions of the cameras to reconstruct 
the interpolated curve fitting to the cutting edge of the hob were calculated.  The right positions of 
the CCD cameras can check the wearing in the production process without other information in the 
gear box.  
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